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Ir.ti'aduction 

A . iAirpoce 

The  purpoce  of  the  proixrcjin  covered  hy  U,  S.  Arrny  Mobility  Equipr.ent 
K £:  1 Center,  Contract  Kuir.ber  IA/iK02-68-C-0470  vas  to  establish  by 
laboratory  test  the  feasibility  of  air  cooling  anodes  for  20  K7// 
xenon  short  arc  larrips. 

B.  History 

Xenon  short  arc  Icar.ps  in  power  ratings  to  about  6.5  K7v/  use  a flow  of 
air  longitudinally  along  the  larr.p  envelope  to  carry  off  heat  generated 
during  lamp  operation.  Heat  generated  at  the  arc  gap  is  conducted  by 
the  n-.etallic  electrodes  along  their  length:  the  electrodes  have  ends 
which  are  exposed  to  the  air  flow,  and  the  rapidly-circulating  xenon 
gas  within  the  envelope  also  picks  up  heat  fren  the  electrodes.  The 
gas  is  cooled  by  contact  with  the  relatively  cool  surface  of  the  lamp 
quartz  envelope.  Additional  heat  is  dissipated  by  radiation  to  sur- 
rounding iT;aterials. 

It  was  found  that  this  cooling  mechanism  is  not  satisfactorj^  at  power 
levels  of  about  3 KTH:  the  rate  of  heat  transfer  is  inadequate  to  pre- 
vent melting  of  electrode  materials  accompanied  by  darkening  of  the 
lamp  caused  by  deposition  of  vaporized  metal  on  the  inside  of  the 
lam.p  envelope,  and  unacceptably  short  larr.p  life.  The  effect  is  es- 
pecially noted  at  the  anode:  the  direction  of  the  direct  current  from 
cathode  to  anode  causes  a bom.bardment  of  the  anode  surface;  the  heavy 
concentration  of  electrons  induces  a high  heat  load  at  the  anode  sur- 
face. Additionally  it  is  desired  to  m.aintain  a compact  arc  for  rea- 
sons of  optical  efficiency  in  the  collection  and  projection  of  the 
light  energy:  in  turn,  this  causes  the  high  heat  load  to  be  applied 


over 


n circa.  Tauc  the  problcn  ic  one  of  relieving  a hl,-;rj  heat 

cioncity  aimlicd  to  u ok  all  ourface. 

Figure  1 ohowo  a ccheniatic  of  a typical  ohort  arc  xenon  lar.p.  Atten- 
tion in  called  to  the  conf indurations  of  the  anode  and  of  the  cathode; 
the  cathode  usually  has  a pointed  tip  to  conduct  the  current  in  the 
snallest  posniole  cross-section  area,  and  thus  create  a cri£ht  "fire- 
ball" across  the  gap.  The  anode  presents  a her.ispherical  face  to  the 
current  so  as  to  spread  the  heat  loading  over  a relatively  large  area. 
Although  the  flane  develops  a "tail",  or  spreads  out  over  the  anode, 
the  largest  heat  concentration  is  in  a small  area  directly  ahead  of 
the  cathode  tip. 

For  the  above  reasons  the  development  of  the  20  Kv7  short  arc  xenon 
lamp  necessitated  development  of  an  alternate  method  of  cooling,  es- 
pecially cooling  the  anode.  The  designs  that  proved  best  use  hollow 
anodes  or  anodes  with  passages  through  which  water,  or  some  other 
liquid  coolant,  is  forced  at  high  pressure  and  at  high  velocity. 

V/ith  water  it  was  noted  that  nucleate  boiling  occurred  at  the  anode 
tip,  and  even  with  distilled  water  impurities  present  in  the  vater  would 
deposit  at  the  tip.  These  deposits  created  an  insulation  which  inter- 
fered with  heat  transfer,  thus  overheating  and  early  failure  of  the 
anode  and  of  the  lamp. 

A number  of  efforts  were  made  to  further  isolate  the  problem;  to  locate 
a coolant  which  would  corrply  with  the  high  and  low  ambient  temperature 
conditions  encountered  when  these  lamps  are  used  in  Army  applications, 
or  to  devis  some  approach  that  would  solve  the  problem,  in  a practical 
m.anner. 

Aerospace  Controls  Corporation  m.ade  an  analytical  study  of  the  use  of 
air  cooling  of  these  hollow-anode  lam.ps. 


The  study  showed  that  a 


air  blaja  throu^jh  the  anode  pasoaces  vao  not  .sufficient  for 
cooling:  the  volicr.c  of  air  required  was  such  that  supersonic  flow 
was  needed,  and  at  speeds  above  that  of  sound  the  air  flow  would  add 
heat  to  the  surface  rather  than  rer.ovinc  it.  Kov.’ever,  a continuation 
of  the  study  showed  that  if  a coiled  tube  were  inserted  into  a hollow 
anode;  and  if  the  remainder  of  the  cavity  were  filled  with  a liquid 
material  which  would  absorb  heat  fra:i  the  Inside  of  the  anode  body 
and  transfer  that  heat  to  the  tube;  then  it  would  be  possible  to  force 
air  through  the  tube  in  sufficient  volur.e  and  at  subsonic  velocity  to 
conduct  the  heat  away  from  the  anode  body.  Ihe  mechanism  of  heat 
transfer  would  be  force  convection:  the  liquid  medium  would  naturally 
circulate  within  the  cavity  and  during  circulation  v;ould  absorb  heat 
from  the  anode  and  transfer  it  to  the  air-cooled  coiled  tube. 

As  a preliminary  test,  a length  of  copper  tubing  was  coiled  into  an 
approximation  of  the  tube  that  would  be  used  in  a hollow  anode  for  a 
20  Ki-J  lamp.  One  end  of  this  tube  was  connected  to  an  air  compressor 
line,  the  other  end  exposed  to  free  air.  The  tube  V7as  immersed  in  a 
container  of  boiling  oil,  to  which  heat  was  continuously  applied  by 
a gas  burner,  and  the  air  was  turned  on.  It  was  noted  that  winen  the 
air  was  turned  on  the  boiling  action  ceased;  when  the  air  was  turned 
off  the  boiling  started  again  after  a short  time:  the  interval  before 
re-boiling  varying  with  the  length  of  time  the  air  was  on. 

The  set-up  was  not  instrumented  to  measure  the  extent  of  heat  transfer; 
however,  a temperature  rise  of  about  75  degrees  vas  noted  in  the  air, 
and  the  results  as  evidenced  by  the  boiling  action  established  that 
heat  transfer  vra.s  taking  place. 

The  analytical  study  was  presented  to  the  Army  together  with  a recar.- 
mendation  that  a laboratory  experiment,  to  test  the  device,  be  undertaken. 


'i-’liG  expcri;;ieiit  \/ould  vcrii'y  ci'  rciute  the  ar.alyeie  that  fercc.  car.vec- 
ticn  vould  conduct  the  heat  away  uiidcr  conaitiono  apyrGxin.attr. 'j  the 
hi;3h  dencity  heat  loadiri3  characteriatic  or  20  K7r  ohort  arc  xenon 
laiTO  anode  a. 

. rect  i^ro^rar; 

A,  Analysio 

In  the  courae  of  developing  compact  plaaraa  arc  lar.pa,  the  concept  of 
cooling  anodes  hy  forced  convection  vraa  avoided  for  a very  haaic  rea- 
son, viz.,  the  anode  corefi^uration,  and  the  then-..al  loading,  which  is 
concentrated  on  a very  sr.all  aurface  area,  does  not  perrait  s-ufficient 
area  of  contact  relative  to  the  as'.ount  of  cooling  fluid  to  obtain 
hich  Keynold's  numbers  for  forced  convection.  Recent  advances  have 
been  made,  however,  by  several  lamp  manufacturers  in  utilizing  a 
venturi  effect  in  cooling  the  anode  tip.  /mtecedent  to  these  recent 
advances,  the  primarj'-  heat  transfer  mechanism  for  removing  the  high 
thermal  loads  was  nucleate  boiling. 

I'he  nucleate  boiling  heat  transfer  mechanism  is  best  described  as 
utilizing  the  heat  of  vaporization  at  a hot  spot  to  cool  that  spot  emd 
to  force  boiling  independent  of  fluid  velocity.  The  agitation  caused 
by  the  bubbles  is  more  effective  than  turbulence  in  forced  convection 
;athout  boiling.  Succinctly  stated,  nucleate  boiling  is  dependent 
upon  high  heat  flu-x  in  order  to  produce  the  bubble  regime,  in  order  to 
provide  proper  evaporative  cooling.  The  essence  of  the  phenomena, 
relative  to  the  problems  encountered  are: 

Excessive  velocity  of  the  fluid  decreases  the  surface  tension  and 
raises  the  boiling  point  of  the  fluid. 
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ilyuro.iynca.dc  cricxG  occurs  v;hcr.  the  velocity  or  the  relo- 

tivo  to  t;ie  velocity  of  the  vapor  ccrr.lny  fraa  the  heatiry  surracc,  is 
30  yrcat  that  a further  increase  vould  either  cause  the  vapor  col'-r.'r.s 
to  dra^  the  liquid  avay  frosi  xhe  heatiny  surface,  or  the  liquid  stresr.s 
to  drag  the  vapor  back  towards  the  heating  surface.  Consequenxly, 
xhere  is  a liisiting  relationship  between  the  heat  flux  and  flow  con- 
dition which  is  quite  critical. 

Pressure  changes  the  density  of  the  saturated  vapor  and  of  the 
saturated  liquid  and.  irdiibits  the  process  of  vapor  rer.oval  fror.  the 
heating  surface  by  causing  the  bubble  reraoval  to  be  interr.ittent  in- 
stead of  continuous,  thereby  acting  as  a:i  insulator. 

Pressure  also  affects  the  peak  heat  fl-u:-:  because  it  changes  the  vapor 
density  and  therefore  the  boiling  point.  It  follows,  then,  that  the 
boiling  point  affects  the  heat  of  vaporization. 

Other  probleir.s,  fair.iliar  to  those  who  have  had  experience  in  las'.p 
operation  and  development  include  the  selection  of  shape  of  the  heaxing 
surface,  and  the  coolant  material  to  be  used.  In  the  latter  area, 
coolants  which  ’uill  withstand  extreme  low  temperatures  nay  chemically 
break  do>m  at  high  thermal  fluxes  if  not  properly  inhibited.  Other 
materials  have  too  high  a boiling  point  for  evaporative  cooling.  Water 
displays  the  best  characteristics  in  terms  of  latent  heat  of  evaporation, 
density,  surface  tension  and  specific  heat,  but  freezes  at  too  high  a 
tex.pcraturc  and,  because  it  is  such  a good  solvent,  can  carry  ionized 
ir.'.purities  which  can  greatly  affect  the  metallurgical  properties  of  the 
anode.  Impurities  deposited  as  a result  of  nucleate  boiling  of  \:ater 
further  insulate  the  heating  surface  and  degrade  coolir.g  capabilities. 
Further,  metallic  ions  can  be  forced  into  chemical  combinations  with 
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■slic  anovic  t;ti'ucturcj  cj.uuin,';  a ae;;;rr  Italian  aa  tha  aao--- 

aaructure  tuid  lienee  can  cauee  thcr...al  ntreeee^,  rati^jc  i'ractare, 
and.  eubsequent  {j;raln  ^i;ro’.;lh. 

For  a i’orced  cor.vccaion  heat  tranorer  aechanica  to  he  aacccearul,  ia 
ia  ncccocary  to  apreaci  the  them.al  load  and  acre  unlfomly  diatrthaae 
the  theiaeal  in  the  their.al  vehicle. 

In  order  to  r.ore  uniionnly  diatri'oute  the  them.al  load,  ve  have  en- 
deavored to  develop  a tv:o  atage  corr.pact  heat  enchanter.  Clcia  aysaer. 
ia  dcnorr.inated  aa  a I^.aaiic  Force  1‘hruat  Convector. 

Basically,  the  fia-at  stable  allovs  the  heat  load  fi'cm  the  Icar.p  anode  ^o 
free  conduct  to  the  fluid  in  the  isolated  thcmal-irell.  The  fluid  is 
caused  to  force  convect  ana  r.ore  uniformly  distribute  the  load  through 

A 

the  bodj'-  of  the  fluid.  Consequently,  the  coolin3  heau  exchanger 
chamber  vill  then  pick  up  the  thermal  load  from  uhe  fluid  in  the  first 
staye.  The  them.al-vell  fluid  vill  achieve  a noint  of  equilibrium 


vitli  the  first  sta^e  fluid  and  provide  the  necessary  across  u.ae 
anode  to  provide  conduction  through  the  anode  vail  at  the  thermal 
equilibrium  point. 

At  the  outset,  the  first  stage  medium  vas  to  remain  encapsulaued, 
v;ith  a provision  for  expansion.  Hovever,  because  of  the  prepensiay 
uo  emulsify  on  the  part  of  the  Kethyl  Phenol  Siloxane,  it  became 
necezzary  to  provide  a kinetic  property  to  the  first  stage.  The  second 
stage  vas  to  utilize  a fluid,  either  compressible  or  incoiapressible, 
as  the  medium  to  remove  heat  from  the  first  stage.  The  tvo  second  stage 
Xiaterials  elected  vere  comnressed  air  and  vater. 


Jiabu^ic 


unaurl^/inj  cor.cc;;'-  Tor  alx-  coollr.-j  i.:  ba.,ca  ir.  larjc 
b’lo'..',  'oO  wi't:  RCi'.  l) 

In  aujaoiiic  I'lov.',  velaci^y  ai.a  J'b,cr.  r/i^'..bor  lr.cr^a:.'j  or.a  *>, 
prcaaurc  and  denai^y  accrcnae  in  ant  dirtcaitn  oi‘  ilcv. 
i'he  tomncrature  ir.creaae^  if  anc  I-bich  n-anutr  ic  lean  anar. 


f ' f'l  .'•/r.s*  O ! 


i'.c  d s ux  ^rr*' 
ahat  tha 


fiabsox'.ic  floa'  approachea  sonic  condition  vhen  heaa  is  aaded; 
oao^  X cannot  k^cyona  saosonic^  x*t«^  Xv^  Cc^nno^  s^^iCvy— .c 
oupcnsonxc . 

snts  of  anode  heat  loading  of  20  IC.v  short-arc  xenon  lar.ps  shoved 
anode  is  receiving  approxix.ately  SiCa'. 


8.0  X 10^  v/atts  X 3.413  = 2.73  x 10*^  ^ 


Priori  sxates'eritG 


- O-  o 

1.  7he  inlet  gas  temperature  = 60  f.,  i.e.,  520  3. 

2,  The  inlet  pressure  = 12U.7  P3IA,  i.e. 

Therefore,  the  density  ■ of  air  at  the  a nriori  values  is:  (3ef 

1.44  X lo"^  (1.24T  X 10^) 


^ lOj  (5.20  x lot  ' “ 

2.9  X 10 
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Ft.- 
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1. 


tt 


^ ^ BTU 

ne  required  * reouired  to  unload  2.73  10  rpr"  follows  as: 

Hr.  ' ' 

4 BTU 

3 2.73  X 10 


6.24  X 10-1  ^ (2,40  X 10~^  ~.)  (2.0  x lo2'®*' " ^ T) 
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9.11  X 10' 


-u  O * 


Hr. 


The  air  will  flov/  through  a .375  in.  O.D.  x .311  in.  I.D.  coiled  tube. 


xhevci''oro 


the  initial  velocity  (uenoted  V^)  v.'ill  Ic: 


9.11  X 10 

3.60  X 103 


„ /'3.11  X 10~^  ir..^  2 


1.41  X 10^  in.^ 


4.7S  X 10' 


2 It. 


It  is  necessary  to  evaluate  the  amount  of  forced  convection  v;hich  can  oe 
translated  from  the  fluid  in  the  anode,  in  vhich  the  coiled  tube  is 
immersed.  Taking  the  average  fiLm  temperature, (Ref . 1 and  5)  i.e., 
ij.  = 0.5  (-^surf  “ -^'oulk^  “ 1.30  X 10^  £. 


. - = 2.3  X 10 


-2  r 


0.8 


0.35 


p -n  • 


4.78  X 10^ 

dec. 

2.59  X 10"^  Pt. 


6.24  X 10 

X*  L/  • 
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1.30  X 10  ^ bt'  • 


'.T  _ o.O  in.  - in. 

i t — ■ - _ 


.ZS‘jO  in. 


H = IT.O5 


(1.73!;  X 10  coilc)jn 


= 70.25  in. 


L TT  (5.750  X 10"-^  in.)J  I 70-2 
1.44  X 10^  in.^ 
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Concccuer.tly,  lvr.o'..'inr;  the  heat  trancfer  coefi’icient  ana  the  area  of  contact, 
the  arr.o'ant  of  heat  that  can  be  ’’off-loaded"  by  forced  convection  follovs; 


,12  ::  10" 


H-..*  ”<?**- 

2T  • "X  o * “ i,’  ♦ 


^ (8.2  X 10"-^  Ft.^)  (2.0  X 10^  ) 5. 
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- 51.2  X 10' 


3 BfU 


4 E'TU 

Since  the  air  can  abeorb  2.73  x 10  only,  then  the  A T vnll  ce 

0 ^ o * 

107  F.  inaicatinc  that  the  wall  aurface  tube  will  be  = I07  F.  l.iie  as, 

of  coarse,  ncylectin"  the  other  two  n.echcnis;.:s  of  5i-  (conduction)  and 


- *'■.  'X'.ic  ol’a'.ioit!  olon  or  root  i'ra.:  the  Zc  ro  r:.c  riorr  _;. 

'ey  rorc.:.a  convection  oi‘  the  riuie  in,  the  thce'..al  •.  eli  cr.i  etreiyht 


cor.ruceron.  A 


reeult^  the  heat  ■’..'ill  tranorcr  rro;:.  the  he  eihe  t 


t;iO  tluivi  in  the  ther.r.c.1  veil  ic  accoruinc 
cv  - halirl  (h'T^iV.) 


one  rollo'..’ir."  i..erhoi; 


r-  = 2,24  X 10^" 
"Cu 


|jr  ( n } (6,2^  ::  10~~  in.)  J 


2.5  10  Ft. 


1,44  X 10^" 


2.73  X 10  ^ = 2.2^ 


4 ::  10^  (1.63  ::  10~^)  (x  - 16T^F.) 


2.5  X lO"-" 


x°F.  = 2.73  ::  lo"^  ~ (2.5  x lO"-^  Ft.)  + 167  F. 

* 

3.658  BTU 

:ir.-'t?.-F-o, 

= 18,69  + 167°F. 

^ O 

Xc  eide  of  Anode  Icxperaturc  = 185  F.  v;ith  a vail  thiclaioss  of  .03 

t'nile  the  above  analyoio  io  predicated  upon  the  uoe  of  Methyl  Pheno 

Giloxane,  pour  point  - lOOi?.,  it  does  not  preclude  the  use  of  othe 

materials  uhich  arc  equal  or  superior  in  qualities  a.nd  performance. 

I'he  flow  in  the  tube  can  reach  a r.a;:ir..ua  Mach  nunber  (M  } . At 

t'-.e  lir.itin^  point,  the  ^^I’c^^ure  gradient  is  ird'inite.  Consequent! 

the  differential  ex.prcssion:  ? 

p?  n -'\n 


'>-2  1 

i.‘i  - J- 


vhich  rcGultc  in  M* 


.1C  miiiii.cil  iiui.iLc 


:•!.  = T.C  ::  10‘ 

X ■ 


;io  prcGcure  drop  expected  Tor  a run  oi  tubin3  15* 

i\or.  6 Y) 


L 

1:  lU  (7  2 In 

-i-  :: 


- 2.0  lo2  (Re  /T~)  - C.o 


?2  = 93. R 
?2 

V = 5.87  lO"^  ~ 


M 


9.87  X 10 


i.118 


See . 


6£4  (uncorrected  for  coil  reciotonce . ) 
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3ot-up:  Tc;L;t  ilo.  1 


L!chc;.’.c.tlc  Ox  'tliC  oCCu  ar>’'.c.-'ctuc  Ifj  ;;ho'..T.  in  x'i'" 


c. , t-;. 


photocraphn  in  Fi^jrc  i.  [Tne  thrcc-inch  dicn.ctcr  o‘i-ccl  iuLc 
ion.io  u :;hicld  about  tha  anode  whicii  oir.'.ulatoo  the  itu.'.p  envelope., 
and  oh.'.ulatco  the  "ao  heat  cyna:..icc  iound  in  the  fiO  jC..'  Icr,,.. 

Heat  loadir-3  on  the  tip  oi  the  anode  ’..v.o  oh.'.ulated  ueini;  an  o;:y- 
acetylcne  torch  ■'..’■ith  a Victor  cutting  tip.  The  rate  of  heat 
application  va.o  controlled  by  control  of  ahe  :^z.z  prceeur'e  and  i'lo'.-'. 
Tr.c  area  over  aliich  the  concentrated  heat  ircr.  the  ony-acetylenc 
-'l.'j.iC  '..’00  to  be  applied  vao  controlled  by  placce.cnt  oi  the  ria.n.e 
tip,  i.c.,  reovinp  the  torch  neai'er  to  or  further  a'..’ay  fror.  the 
tcet  part. 

Ixnperience  vith  characterictics  of  burned  la:v.p  anodeo  ohove  that, 
in  general,  the  area  of  dar.'.ai^e  io  appro; :irnatcly  in  line  v.'iah  the 
arc  centerline,  with  neltinc  of  the  anode  tip  netal  ctartini  at  a 
centerpoint  and  spreading  out  to  a dica;'.eter  of  about  2 r.illi;.'.eter3 . 
Therefore,  in  order  to  oiiralate  the  highly  concentrated  heat  loading 
the  o;:y-acetylene  flar.e  tip  was  set  directly  at  the  anode  surface  as 
sketched  in  Ficure  2. 


In  order  to  proceed  into  the  program  in  an  orderly  manner,  and  wo 
m.inhuize  the  possibility  of  dair.acc  to  the  toot  parts,  it  was  decided 
to  start  out  on  a reduced-severity  basis.  TH-ro  items  were  introduced; 
l)  A propeller  driver  by  a small  electric  motor  \:as  inserted  tliroupl' 
the  center  of  the  anode  coil.  Tiie  intent  of  the  im.peller  was  to 

of  circulating  the  linuid  mediur.  in  the 


provide  a positive  means 


1 
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tlic  Mac  d^'lvcr;  zo  uz  mo  Cra-.i  t/.c  In  '.r.  noManC. 

clrc.c  ^ion  uluiij  tlic  i;.;i/-llcr  Lih.'irL.  The  anaLn.]'n:,<-:r:i^  J.:;  r;hc/.,'r.  i-'. 


2)  I!ccau:::c  ol’  iiiira'ovcd  heat  tranerc;’  characteristic.':,  ’.;aaer, 
rather  than  air,  v/oulu  he  circulated  throucii  the  ceelir.2;  ceil. 


It  vae  plar-acd  that  ac  teexin"  T>rocceaed,  ana  if  rceulte  vere 
in  accordance  •..'ith  the  analycie,  the  ir.'.peller  '.foula  he  removed 
and/or  air  i;ould  he  ouhotituted  lor  the  water. 


T'nerr.'.ocouT>les  w'crc  placed  within  the  anode  cavity,  and  at  the 
water  inlet  and  outlet  linec  incricdiatcly  ad,iacent  to  the  coil, 
a flowr.eter  wao  placed  in  the  water  inlet  line.  Acetylene  gas 
pressure  was  adjusted  and  r.onitored  to  permit  calculation  of 
gas  flow  throug!:!  the  torch  tip  orifice  and  heat  applied  to  the 
anode.  A surface  thcrrr.ocouplc  prohe  v.ath  read-out  v.'ao  used  xo 
xest  surface  temperatures  at  various  areas  of  the  anode  body. 

The  test  anode  duplicated  the  size  and  shape  of  the  anode  used 
in  the  Ilanovia  20  lOT  lai.:p.  The  anode  was  manufactured  of  copper: 
there  was  no  tcingstcn  used  at  the  tip;  and  the  \.'all  xhiclcncss 
at'  the  anode  tip  was  .070  inch. 

The  cooling  coil  used  3/e"  O.D.  hy  .156  wall  copper  tubing  coiled 
to  an  outside  diai.'.ctcr  of  one  inch,  and  with  .025  inch  spacing  bct’..-ccn 
the  coils.  The  general  arrangement  of  the  test  anode  is  shown  on 
drawing  Figure  4 following. 

Tae  a’lodc  cavity  w'as  filled  with  Ilcthyl  Phenol  Siloxane . 


I 
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IViC  cDoli:;j  \:c.toy  Clou  uuo  turned  on,  the  .,re, seller  uuo  or.o^i^Lv.ol, 
i.ll  tl:ei'..cccju  lee  vcrc  connected  to  their  reeecetive  rer-d-out 
inctnreente^  and  a llc-uc,  act  3c;..c'..'hat  oclov  the  prcoourc  level 
calculated  to  apply  rated  heat  (o  "/IC,  or  27,300  ll”j/hr,),  vao 
apT;lied  to  the  teat  anode.  It  ui-.z  noted  that  the  teaporaturc  oi 
the  Methyl  Phenol  Silor.ane  rooe  rapidly,  hut  that  there  uo-z  only 
a.  oi.-.all  rice  in  tc:.:pc nature  of  the  cooliny  './ater.  Cooliny  vater 


floe''  rate  \r<. 


z appro:  ilv.ately  o ypr. 


Since  the  tcr.perat’ure  of  the  Silo::ane  uoz  rapidly  approachiny  ito 
r.a:'.iimVi  ’.rorhiny  temperature  of  eCC^P.,  the  tect  vao  chut  do'..'n  for 
a rc-chech  of  equipment  operation  hefore  the  tect  naterialo  heccr.e 
da:v.ayed. 


body  of  the  electric  motor.  Ihe  motor  uoz  cleaned  and  chcched 
for  operation,  a new  0-riny  iras  inotalled,  and  the  test  -unit  uoz 


Ayaln,  the  cooliny  v.'atcr  floi.’’  \ic.z  started  and  the  propeller  was 
eneryioed  and  checlied  for  correct  operation.  There  was  still 
sc::.e  leah.aye  of  oil  pact  the  0-riny  seal  hut  it  was  decided  to 
proceed.  The  flc.'..e  was  applied  assd  ter..pcrature  rises  ohsciwed. 

A rapid  rise  in  temperature  of  the  Silo::ane  v.-as  ayain  ohser^/cd: 
hefore  this  temperature  reached  a critical  point,  the  clccmric 
motor  driviny  the  propeller  failed,  and  ali'.iost  i;-.x.cdiatcly  there- 
after the  fla’-.-.c  hurned  throuyh  the  anode  tip.  At  the  th.'.c  of 
hurn-out,  the  tc..-.peraturo  of  the  Gilo;;anc,  as  ohcci-vci.  hy  ti.c 
prohe,  ^/as  hclow  its  safe  hiyh  ter.'.-se nature  limit. 


-:;0- 

- OV I’O.-.  v-ilC 
• •'^0.1  \..  0^  ; •.C.'-J.l.  i^C,  ^ C*^  ~.r,C.‘ . • ^ 

cn  ancilyji^  va;;  :.x:^c  ol*  the  detc.  ohteincd 


C3tajll.;h  a lo;:ica 


C'O. 


T'.ro  tlvlr.^L)  ’.;crc  appcc’cr.t  fi'o;/.  the  i;'.itlc.l  tccto: 

1)  That  the  Force  Thruot  Cor.vcctor,  r.c.,  the  corlec  tutc 
’./ithin  the  anohe  body,  could  not  renove  o-uFTicient  heat  .ror.. 
tlic  oil  to  reach  thcii/.al  balance  at  tc:..rjoraturc  Icvclo 
acceptable  nlth  tiie  ;.:atci'ialo  u;;cd. 

2)  That  natural  circulation  oF  the  oil  in  the  cavity  vao 
inadequate  to  cool  the  anode  tip,  rcjareleoo  oF  the  capability 
oF  the  coil  to  nerFoir.  the  heat  trca'.oFcr  Function. 


Ilov'evc: 
aieount 
oF  cir> 
oF  the 


ouFFicient  data  v.'ao  not  available  to  establi: 
oF  heo.t  rercoved  by  the  coil,  or  niicthcr  an  inc; 
ulation  oF  the  Siloxane  oil  would  ireprove  the 


.crFor 


■er.i. 


■te 


.Cu 


Since  a larhc  capacity,  external  puiup  provided  the  ir. 
venient  n.cthod  to  control  Giloxane  oil  Flox'  X'ithin  t: 
the  anode,  a decioion  x'ac  r;.adc  to  use  a rescin'oir  oF 
to  purr.p  it  through  the  body,  and  to  rscasure  these  eF: 
'she  system  perFocT.^ance . 


ost  con- 
he  body  oF 
this  oil, 
Fccts  on 


Accordingly,  the  p/ropellcr 
anode  and  Fluid  lines  were 
Froci  the  x-cscivoir  to  pu-p 


and  r.otor  were  rer.-.cved  Fro;r.  the  test 
attached  to  provide  a circulating  loop 
to  anode  and  return  to  rcscr\'oir. 


Other  conditions  rcixained  as 


in  the  initial  test. 


o « 


11,283  -p  9,OC6  = 20,29), 


Ci.\uc  uiL  on  • 

The  caiculationG  chov  the  follcvin:^  di^trlhu-clon  of  heat  ahe 


by  each  of  the  two 

fluids,  and 

follows : 
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E::c;nir.ation  ox  the  enoclc  ti-^  at  the  cr.u  ox  the  teat  r 
the  tip  to  he  in  cncellern-  coniition.  TiiOre  '..'ae  no  e 
ae gradation  or  rr.eltir.j  of  the  actal.  xherc  n-ao  prv-wC: 


In  thio  ‘Ic.-.o  ;.'L:ojt  .l—i-L-l,  or  o ,',roy-l;r.o.tcl ' (/.  oi'  t;.o  hoc 
t'lc  Ijirion.'inc  v;;.::  ;.b:;orl>c:u  by  tho  coo].ir;-;  cor'.i  . 


At  the  Oj.'  Inilori;,  ib  '.;o.o  believed  bhoi  oiiiTieienb 


had  bci.n  obtainc^i  to  i'uLI'ill  the  j)orj,or.c:; 


f'art’ier  000110;^;  i.'oulc.  rc-eonlin;.  i:xl‘or...o.tlor.  olrecey  or.  r.ar.v 


Cboci'vation  oi  the  rapid  i'ailure  oi'  the  firot  toot  or.ooo  v;h'r. 
the  i'orced  circulation  of  the  Ciloranc  ceaoed  ohcuo  that  natural 
circulation  cauced  by  heating  a!  the  fluid  io  far  uoo  lor  no 
pcruiit  unloa.dinc;  of  hich  denoity  heat  'ey  thio  r.'.echar.i:.r.;.  It 
is  to  'ce  crrpccted  that  the  rate  of  circulation  of  the  fluid  is 
one  of  the  critical  itcr.s  in  the  design:  the  circulation  rate  '..-ill 
aj.x.^ct  cn^  ^ J.OV/  pass  tnw  cool — ^n^  co^l  ^n  ..ne  anoae  onus  ros  n^a.. 
tx-ansfer  efficiency,  and  it  ’.-.■ill  also  affect  the  rate  of  flo’.:  of 
coolant  across  the  hot  spot  at  the  tip  thus  its  capa'sility  to  cool 
the  critical  area. 


It  i.'as  cnpccted  au  the  tir;.c  the  oyster,  vac  conceived  that  the 
hich  concentration  of  heat  at  the  anode  tip  would  induce  a hi^h 
rate  of  fluid  circulation:  the  use  of  the  propeller  was  to 
provide  a safety  factor  which,  hopefully,  could  be  dispensed 


tend  to  spread  the  heat  load  over  a wider  area:  that  opex'auion 
of  the  ir.etal  at  hinder  tersperaturc  v/ould  be  of  value  in  this 
surcadiny-out  nroccss. 


Tne  failui-e  to  achieve  natural  flow  represents  the  rest  sipnificani 
failure  in  the  test  proprais.  However:  the  values  of  ".'.node  3ody" 


vC-i.'. . jC i'Ct  XZi  oi»0  OCiX’Xj^  LO C b Cii'O  oX*  (XCiXO  O—  tj X V^3.^  — • 

Ax  oho  t-i:..e  the  test  c.nodc  vac  Iriot  rcbuxltj  the  xher:.. eceu,.lc 
vac  /, laced  lo'.;cx-,  nearex'  the  area  ct  heat  apalicatior..  l-.e 
r.a,.rhcd  rice  x’cpi'eacntc  r:.eacurc;..cnt  at  a hotter  locatlor. ; lx 
nay  OX’  nay  ixot  he  at  the  point  •i/hci'c  tne  ITaxa  tx..._,crature  le 
hottcot,  but  it  probably  ir,  quite  clooc  to  it.  Ihe  eiqr.ii'ican 
ite;.i  ia  that  teapex’aturc  oi  the  i’luid  near  the  hot  point  ia 
about  at  the  ’.i.aniiaaT.  aal'c  opex'atiny  tc,..^/cratux’c  lor  bllor.anc : 
o00°i'.  Tliia  indicatea  that  th.e  llo’..'  rate  ol  th-  Cilov.ane  ia 
about  optinu;;’  Iron  the  poiiit  ol  vlav  ol  .xainteiiance  ol‘  hiyh 
tCL'.poratux’c  lor  heat  tranalcr  vithout  encccdinu  allo’..'able 
terrxcx’aturca  lor  the  r..atox'ials  involved. 


Uae  ol  ail’  circulating  thro-u^h  the  coil  could  not  chanye  the 


there  vac  enccaa  cooliny  capacity  available  il  the  heat  trana- 


ecuallcd  the  v;atcr  cooliny  rate  ia  ol  little  aiynilicancc : the 
Lvrxoi’tant  iterx  ia  that  the  Silonanc  could  not  rcrr.ove  heat  Iron, 
the  anode  tip  at  a rate  laat  cnouyh  to  pi’cvent  failure . 

2.4  Concluaiona 

l)  Spx’cadiny  ol  heat  from  a "point"  to  an  area  throuyh  the 
techx.iquea  ol  operatiny  at  rclati\'cly  hiyh  ter.pcratu-re 
and  uainy  natuxal  conductance  of  the  nctal  lor  apx’eadiny 
x/aa  unaucceaclul.  A better  nethod  aoneara  to  be  to 


conccnti’atc  the  coolir.y  aix'cctl^x  at  the  point  ol  heat 


III.  Rcco::u..er:Jatiox'.;;  i'or  I’uture  Action. 


LAririi;  the  teot  prO(j;ror'.^  or.u  in  an  tii’ort  to  ^ct  a cooiofactory 
oyotc’.'.!  tcot  under  vay,  a :v.n:bor  oi  trialo  oi  verioao  arranyt- 
aento  uare  cxperir;icr.ted  v;ita.  One  ol  thcoe  vao  the  uoc  of  dry 
ice  ao  a coolant  for  the  Silonar.c:  bccauoe  the  dry  ice  lovc-rcd 
uhc  Silonane  inlet  temperature  zo  a level  celov;  that  o'ouainatle 
witli  a normal  heat  exchanger,  dry  ice  vao  not  uoed  duriny  the 
teen  run.  The  Siloxane  vao  cooled  only  to  room  tc;.-.pcrature . 


Hovever^  an  extended  run  of  the  test  anode  vao  r.aae,  uoin^:  a 
hijohor  concentrated  heat  application  (esttuated  ^0,000  BT'd) 
than  v/ao  used  at  any  other  tit.e,  durin{i  the  tirr.e  the  Oiloxane 
was  cooled  by  the  dry  ice.  Exact  temperatures  vere  net 
measured,  but  it  is  cstir.ated  that  the  inlet  temperature  was 
in  the  neighborhood  of  -30  to  -40  degrees  F. 


After  a run  of  several  hours  under  these  conditions  there  vas 
no  deterioration  of  the  anode,  while  a less  stringent  test 
using  normial  inlet  temperatures  burned  the  anodes  in  a relatively 
short  tii.’.e. 

It  is  the  belief  of  this  contractor  that  refrigeration  of  the 
coolant  at  the  inlet  may  point  the  way  to  development  of  anodes 
capable  of  operating  at  higher  lair.p  power  than  is  presently 
possible.  This  does,  of  course,  add  complexity  to  the  heat 
exchange  system;  if  it  also  x^ermits  a rapid  increase  in  Ic-v.p 
pov/er  rating  without  extensive  development  of  higher  temrerature 
i.iatcrials  and  improved  coolants  it  may  be  a worthwhile  area  for 


further  investigation 


'I 


V.;c  tci-.:.:;  cJ  contrc-ct  L'j-J-;02-66-C-0'.70  Aorcr.r.uc  ^ Co;.  .; 
i;.  racuircd  oo  deliver  three  (i)  ixr.oc.cz  i.'itii  eil'i'erc,'.^  ti.. 
eora'i^uraeiore.  Ac  stated  ;‘r.  the  report  thr^e  ar.cec  cc.-'ij..: 
vei’e  eccoca,  but  each  failed,  therefore,  ir...'-eaa  of  -clive; 
dcc'croy>-d  rr.aterialj  an  alternate  deliver/  of  three  anodes  i: 
bcir.3  K'.adc : 


h'ach  anode  is  designed  the  scene  as  all  others,  ana  in  accordance 
with  attached  dravdn^  no.  2B1>&9.  ACC  recona.ends  ahat  these  parte 
be  tested  starting  with  a laboratory  node  sit.ilar  to  the  te.sts 
described  in  thi; 
test  in  an  exoeri:.'.ental  Ictr.n. 


:his  report  and,  if  successful,  ccntinuir.3  with  a 


The  desinn  of  the  anodes  is  such  that  the  coolant  is  directed,  with 
r.ini:;.uir.  contact  with  heated  suri'aces  (to  retain  coolant  low  tem- 
perature), directly  to  the  hot  spot  at  the  anode  tip.  The  coolant 
is  than  directed  through  a center  riser  to  an  outlet:  it  is 

re c emended  that  tr.is  outlet  be  cois’.ected  to  the  anode  outer 
chaicber  so  that  the  car;.e  coolant  provides  a cool  anode  body.  From, 
the  outer  cha.r.ber  the  coolant  is  circulated  through  its  cutlet 
back  to  the  reservoir. 

The  design  enbodies  concepts  which  are  based  on  beliefs  that  arc 
widely  held  but  which,  at  this  tir;.e,  have  not  been  satisfactorily 
.measured.  Frir.ary  air.onc  these  is  the  belief  that  tc;.-.pcrat’ures 
experienced  directly  at  the  point  of  contact  of  th>-  arc-c^..ter  with 
the  anode  are  substantially  higher  than  h.as  been  suspected  in  the 
past;  and  that  there  are  localized  hot  spots  which  tana  to  :..ove 


J 


about  over'  the  tiiiodL;  aurtacu  ana  vliich  c.':ur;a  irituo.dtt'-r.t 
or  the  ir.ctal  au  poir.tc.  'il.o  intent  oi  uue  oi'  rarrl(ieraeee  cool; 
io  to  i..alntcan  all  ehe  rrictal  of  ehe  or.oae  tip  at  a tcaporature 
bolovf  fi’ceairi:^  at  all  ti;.,cc;  ao  thuc  t/reveno  uaea^e  fror..  ;.'.eleee 
or  burned,  ouri'acee. 

f.GC  vould,  of  couroe,  bo  intereated  in  coneuctind  ouch  a teou  a 
a ouciolea-ent  uo  tiiio  nrodroin. 


E 
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Llst  of  Test  Equipment 

Themocouples:  Heat  Technology  Lah.  Inc.  p/N  TC-J0T0602  Model  CB-1. 

Kelthley  Model  1I9  Mllllvoltmeter  S/N  28491. 

ThejEio-Electric  Co.  Copper-Constantin  Thermocouple  vine,  18  gage. 

Van  Waters  & Rogers  Total  3inmersion  Thermometer  No.  61OII-OO-O66. 

range  0-300  in  2 increments  (calibration  of  thermocouples). 

One -quart  container. 

Timex  watch  with  sweep-second  hand. 

Hypro  high-temperature  pump  with  Dayton  1.5  H.P.  Motor. 

Fischer  & Porter  Water  Flow  Meter^  range  2-10  gpm,  S/U  2235621, 

Smith  Welding  Equipment  Qxy-Acetylene  Welder  MW^  with  Victor  Ho. 

5 cutting  tip. 

Methyl  Phenol  Slloxane,  General  Electric  Versilube  F-50  Silicone  Fluid. 
Pour  Point  = -100 

Operating  range  (air)  = -100  ^ to  + 45O  °F 

(iterating  range  (inert  atmosphere)  = -100  °F  to  over  6OO  °F 

Specific  heat  = .034  BTU/lb./°F 

Thermal  conductivity  = O.O87  BTU/hr.ft.  °F 

Specific  gravity  = 1.045 

Viscosity  = 2500  Centistokes 

Expansion  coefficient  =5«0x  10"^  cc/cc/°F 

Flash  point  = 550  9F  min. 

Fire  point  = 640  °F  min. 

Auto  ignition  = 85O  ?F 
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A Dynamiic  Force  Thrust  Convector  Heat  Exchanger,  intended  for  use  with  air  cooling 
of  20  K>/  short  arc  xernon  lamps,  v;as  tested.  The  tests  showed  that  therm.al  balance 
could  not  be  achieved  within  tolerable  limits  for  the  m.aterials  used;  that  natural 
circulation  of  the  thermal  medium  was  below  useful  limits;  and  that  the  design 
does  not  distribute  the  high  density  heat  loading  characteristic  of  the  Irmp  anode 
so  as  to  afford  an  improved  cooling  m.ethod.  It  was  found  that  refrigeration  of 
coolant  prior  to  introduction  into  the  anode  had  a beneficial  effect  and  is  worth 
further  investigation. 
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